The dynamics of highly excited HDO molecule is investigated. Calculations up to J = 40 are performed for the bending-rotation Hamiltonian by applying the self-consistent (SC) methodology. Various aspects of rotation-vibration interaction are discussed. Centrifugal destabilization and stabilization of the molecular geometry is explained.
Introduction
Recent developments in Fourier transform and tunable laser techniques have revolutionized the study of molecular species by high-resolution infrared spectroscopy. It is now possible to achieve good separation of lines in spectra of highly excited molecules, but theoretical interpretation of these results becomes more and more difficult.
The standard perturbation theory gener ating effective rotational H a m i l t o n i a n s f o r e a c h v i b r a t i o n a l s t a t e [ 1 ] , w h i c h i s g e n e r a l l y u s e d f o r i n t e r p r e t a t i o n a n d treatment of the rotational structure of vibrational levels, is valid only for the calculation of low rovibrational (RV) states of molecules. When highly excited RV states are taken into consideration, some serious problems arise. First of all in such states vibration-rotation interactions play a very important role. This is the reason why the perturbation approach cannot be applied in high-precision calculations. Moreover, this standard method is based on the assumption of small amplitude vibrations [2] , therefore it must fail in the case of highly excited molecules when amplitudes of all internal motions are large.
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The variational method enables one to avoid some of these difficulties. Ten-. nyson and coworkers [3] [4] [5] used it for calculations of high-J states of triatomic molecules. However, in their approach, even in the case of such small molecules, diagonalization of very large secular matrices has to be performed. The physical interpretation of results is also very difficult as the wavefunctions are not obtained in a compact form.
This last remark is important because together with the necessity of accurate calculations of RV states there is a growing need for understanding how a molecule behaves under these conditions. The large number of classical and semiclassical investigations [6] [7] [8] [9] [10] [11] [12] is a consequence of the fact that, in contrast to the traditional quantum methods, classical mechanics provides means for gathering information about the approximate dynamics in high-J regimes.
In this context the new self-consistent (SC) approach to the RV problem proposed by Makarewicz [13, 14] sums to be an important step forward. In the frame of this theory an approximate separation of vibrational and rotational degrees of freedom can be performed and most of the important interactions between them are not neglected. What is also significant, the SC method is very effective and allows one to achieve accurate results even if modest means (personal computers) are applied.
The SC method together with new theoretical concepts, such as vibrational reduced density matrices, reduced local operators, vibrational and rotational population matrices [15] , form a powerful tool for studying approximate dynamics of rotating-vibrating molecules.
Summing up, there is an effective quantum-mechanical method of calculation of the RV states which also can be applied in the areas reserved, till now, for the classical and semiclassical investigations. Studies of highly excited H2O [16] and H2S [17] molecules are a good illustration of these new possibilities. In both cases the results of calculations enable one to distinguish several dynamical regions depending on the RV coupling and RV correlation. In some of these regions the molecular geometry is destabilized, in others stabilized with the equilibrium angle close to 90. This stabilization is connected with the appearance of two equivalent local axes which are close to the bonds. The local axes break the symmetry C2v, which is reflected in the cluster stucture of the RV spectrum.
The purpose of this work is to investigate the most characteristic features of the bending-rotation spectrum and intramolecular dynamics of light triatomic molecules with Cs symmetry. As the well known and the most typical subject for study, HDO molecule is chosen.
The present paper is organized as follows. In Section 2 the brief discussion of the RV hamiltonian is presented. In Section 3 the method of calculations is discussed. Results are presented in section 4.
. 2. The bending -rotation model Hamiltonian
' The accuracy and efficiency of the methods of solving the RV Schrödinger . equation depend considerably on the form of the RV Hamiltonian. Tennyson and coworkers [3, 4] derived the RV Hamiltonian by using the molecule fixed (MF) axes tied to the Jacobi type vectors. The kinetic energy operator is then given in the relatively simple form but the dimension of the Hamiltonian matrix is usually very large. This is so because these MF axes do not minimize the RV coupling which is very important in the highly excited RV states.
Recently, Makarewicz and Lodyga [18] derived a general Hamiltonian for a triatomic molecule introducing Eckart's idea [19] to the approach presented in [3, 4] . In the simplified bending-rotating molecular model they found the optimum MF axes which minimize the RV coupling. These axes eliminate the Coriolis term in the RV Hamiltonian, so they are the internal axes. It is however necessary to emphasize that the internal axes are optimum only when vibrational and rotational wavefunctions are determined from the SC equations [18] .
In order to calculate the highly excited RV states of HDO molecule the bending-rotation Hamiltonian derived in [18] will now be applied. It means that from now vibration should be understood as a bending motion only. Figure 1 presents the RV coordinates of HDO molecule based on Jacobi vectors r 1 and r2. The internal (x, y , z) axis system is rotated with respect to auxiliary (x', y'z',) axis system by the angle t) 2 which is chosen in such a way that the Coriolis term in the RV Hamiltonian vanishes. The bending-rotation Hamiltonian looks as follows :
where the bending potential function is
The equilibrium value ϑe and the potential parameters V1 -V4 are taken from Table I in [18] . It has to be pointed out that there is an error in the table. The potential parameters are given in auxiliary units, not in cm-1, as it is written in the relevant caption. To receive values in cm -1 , one has to multiply these numbers by the scaling factor equal to 33.71526.
Solution of the bending-rotating problem
The self-consistent method of solving the RV Schrödinger equation is generally described in [13] . The SC equations for the vibrational and rotational functions in the case of the HDO molecule are shown in [18] . A detailed discussion of solving these equations is also presented there, so it will not be repeated here.
As a consequence of the above approach every RV state is approximately represented by the wavefunction: Therefore it is more convenient to introduce the approximate quantum number KT which will number these states and label their symmetry than to use traditional KaKc notation.
The SC rotational-vibrational equations are coupled, so in order to solve one, the solution of the other has to be known. That is the reason why p-SC depends not only on the υ number but also on the set of rotational quantum numbers and vice versa. To solve these coupled equations the very effective iteration technique is used [13] .
In high-precision calculations the CI-like variational approach is proposed [13, [15] [16] [17] [18] . The constuction of an SC/orthogonal (SCO) basis-function set is described in [15, 16] . The "exact" RV wavefunctions Ψ Τ1 can be expressed as the linear combinations This is the symbolic notation. Summing over means that for given J and τ quantum numbers the sum goes over K. The cvr coefficients of Eq. (9) are determined by diagonalizing the matrix of the bending-rotation Hamiltonian formed in the SGO basis. Due to the symmetry this matrix is block-diagonal. For given J, we have two blocks depending on the τ value and their dimension is equal to the product of the number of vibrational functions by the number of adequate rotational functions. In the case of C2v molecules such as H2O or H2 S [16, 17] the total Hamiltonian matrix could be (with the use of symmetry properties) factorized on four blocks which considerably reduces the numerical work. For HDO molecule we have to deal with matrices twice as large. It means for example, that in order to receive results of a reasonable accuracy (0.01-0.1 cm -1 ) for RV states with J = 40, one has to diagonalize matrices of dimensions higher than 600.
It is possible, however, to considerably lower this number. In paper [16] it was shown that there is no need to use the complete rotational basis in calculations. Usually half of this basis is enough to receive satisfactory results. It has to be emphasized that this conclusion is valid only when the rotational basis functions themselves are solutions of the SC rotational equation. If such a compact rotational SCO basis is used in linear combination (9) , calculations of RV states of a highly excited HDO molecule become possible even on personal computer. In contrast however to the calculations of H2 O [16] molecule, it is necessary to use a computer with the operation memory larger than 640 kB ( all calculations presented in this paper were performed on a 32-bit unit). After the diagonalization of the Hamiltonian matrix, the correspondence between some predominant SC functions (included in the SCO basis) and the resulting ψCI has to be found. This is the only way for the approximate quantum numbers, which are relevant in the SC approximation, to be assigned to the CI function. To solve this problem, the vibrational and rotational population matrices [15] are introduced. The values of their diagonal elements inform us about the contribution of a given Ψ ° in the resulting ψC I , allowing some approximate classification. The rotational population matrices are also very important in choosing the proper rotation SC functions in the compact basis used for calculations of a desirable RV-CI state.
Sometimes, however, the SC functions are so mixed up in the resulting CI function, that such a simple analysis can not give a satisfactory answer. This, by the way, took place very often in the calculations of highly excited HDO molecule. . In such a situation, the more complicated method was used. First, the model Hamiltonian was defined. Changing the parameter C from 0 to 1, one can pass from. the SC Hamiltonian H^ b to the bending-rotation Hamiltonian H. By calculating eigenvalues of Η(C) one can observe an evolution of each energy level and create the correlation diagrams linking to the ψCI. That is enough to make a unique assignment of vr quantum numbers to a given ψCI.
Results

,4.1. Rotation Levels for J ≤ 20
The methodology outlined above was used for calculation of RV-CI states of HDO molecule for J number changing from 10 up to 40. In this domain of J two dynamical regions,. depending on the strength of the RV coupling can be distinguished. Ιn the first region, when J ≤ 20 the rotational sublevels are organized as follows. When J' is even, the first K. = 00, whereas when J is odd, the first . Kτ = 01.-In the bottom of the energy levels we observe doublets of the states with the same τ symmetry. Then, as 'the K grows these doublets begin to split.
Higher on the energy ladder, the rotational sublevels with a different τ symmetry number, but the same K number, come near to each other forming a new kind of doublets.
. It is very illustrative to dscuss the expectation values of the a n g u l a r -m o m e n t u m o p e r a t i o nJ α a n d r o t a t i o n a l c o n s t a n t sB
t o g e t h e r w i t h t h e e n e r g y values of these states. It is worth adding that effective rotational constants depend not only on the vibrational quantum number, but also on the rotational quantum numbers. This implies that effective moments of inertia change due to centrifugal interactions in rotating molecule. A detailed discussion of that result is given in [13, 14] . Table I because they do not give any additional information.
We can see that the lowest states form doublets of close lying states with the same τ symmetry and different values of the K number. The observation of the expectation values of the angular momentum operation reveals that the (4) is predominant whereas the others are very small. In the classical limit, it means that for such states the angular momentum vector precesses around the axis which is almost perpendicular to the molecular plane (see Fig. 1 ). As the, K number grows, (4) rapidly decreases, while (J) (rapidly) and (J2z) (slowly) increases. At the same time, effective rotational constant Βx decreases and Βz increases, while doublets of close lying rotational sublevels split, becoming separate states.
In the states of this regime (J2x) is greater than both (J2y) and (J2z). Thus, in the classical limit, one should expect the angular momentum vector to move near the MF axis x. This conclusion is confirmed by the values of the rotational constants. When this kind of rotational motion takes place, the centrifugal forces make the molecule straighten, i.e. the equilibrium angle 19e is modified (increased). In this situation Βx should decrease (Βz increase), and this is exactly what one can notice in Table Ι . Among the states of this regime the most distinct is the state Kτ = 5 1 for which (J2x) and Βz reach their maxima, whereas Βx is minimum. This is the separatrix state, which is the quantum analog of the separatrix trajectory on the classical rotational energy surface (CRES) introduced by Harter and Patterson [6] .
The states surrounding the K,. = 51 state are dispersed somewhat irregularly, but as the K number grows a new kind of ordering emerges. Levels with the same value of Κ number but different τ approach each other, forming new doublets eventually. At the same time (J2z) becomes the largest of all the expectation values of the angular momentum operators. This corresponds to the classical picture when a molecule rotates mostly around the z MF axis. Centrifugal forces make the molecule bend then, so the Βz effective rotational constant decreases, while Βx increases (see Table I ).
Summing up all these observations, we can say that the whole set of rotational sublevels can be divided into three groups characterized by the values of the expectation values of the angular momentum operators. The first one, is the y-group when the rotational sublevels form the doublets of the same τ symmetry. The rotational sublevels forming the x-group with the separatrix state as the most visible one, separate the y-group and the z-group, which also is formed by the set of doublets. The doublets of the z-group are characterized by the same Κ and different τ numbers.
Rotational levels for J > 20
The rotational energy levels stucture of rigid and semirigid asymmetric ro tion was explained by Harter and Patterson on the grounds of semiclassical mechanics. They introduced the classical rotational energy surface (CRES) which proved to be very helpful in understanding the qualitative features of RV spectra of such molecules [6, 7] . The results presented in Table I and discussed When higher excitations are taken into account some new phenomena, generally connected with the RV coupling, perturb the clear picture presented above.
In his paper on semiclassical and quantum mechanical pictures of the RV motion of triatomic molecules, Makarewicz [22] pointed out that in nonrigid rotors RV interactions of rotational multiplets belonging to different vibrational states can perturb doublets splittings of close lying states or even can lead to the reversal of these doublets. In HDO molecule such anomalous doublets in the y-group can be observed starting from J = 20.
In Table II the energies and rotational population matrices of first two doublets with υ = 0 and τ = 0, starting form J = 20, are presented. One can notice that even for J = 20 in the function of the lowest RV state, there is almost the same contribution of the second rotational SC state with Κ = Ι 0 as of the first with Κ -= 0 0 . As number J grows this tendency strengthens. When J = 24, the first doublet is already -reversed, i. e. in the wavefunction of type (9) which describes the lowest state, the predominant role is played by the second rotational SC function. The second doublet is strongly mixed up also. For J = 26, both doublets are reversed. When the J number grows. higher doublets behave in the same way. Sometimes due to the RV coupling the whole situation gets normalized, i. e. the doublet which was reversed for lower J becomes normal again for higher J. As a result, for the adequately high J among the states of y-group, we can usually observe normal doublets as well as the reversed.
In Table III expectation values of the angular momentum operators and rotational constants for chosen rotational sublevels of the HDO molecule calculated for υ = 0 and J = 40, are presented. In order to achieve the accuracy of 0.01-0.1 cm-1 , fourteen vibrational and 30 rotational (compact basis) SCO wavefunctions were used.
A the first sight, tle stucture of rotational sublevels in Table III is similar to the ne shown in Table I . Here one can also see two groups of doublets (some of them reversed) separated by the group of states. As before, the first y-group is characterized by the predominance of the (4) over the other expectation values of the angular momentum operators. In the z-group, this role is played by the
( J 2 z ) . A m o n g t h e s t a t e s s e p a r a t i n g t w o t y p e s o f d o u b l e t s , t h e m o s t v i s i b l e i s t h e
separat ix state K τ = 91. In these states (J2x) is maximum, which corresponds to the classical picture when molecule rotates mostly around the x M' axis. Due _ to the effect of centrifugal forces the molecule is straightened, so the Βz e f f e c t i v e rotational constant increases, while Bx decreases (see Table III ). To the x-group we can roughly assign states with K,. from the range 80 ≤ Kτ ≤ 220 . These states s read somewhat irregularly but as the K τ grows ((J2j) decreases), we can notice that the states with the same K but different τ come close to each other. In contrast, however, with the results calculated for J = 20 (Table I) , now some other effects are clearly visible. Indeed, some pairs of states form reversed doublets (see Table III ). These pairs are much more distant (several cm -1 ) than for doublets belonging to the y-group. This indicates that the reason for this effect is at much stronger RV interaction.
It 's instuctive to study, how such a doublet comes into the existence. Let us look t two states with K,-= 141 and Kτ = 14 0 . The 141 state should be the lower one. Instead, it lies about 7 cm-1 above the 14 0 state. Even more drastic diferences are observed in rotational characteristics of both states. The rotational energy of the 141 state is smaller than such an energy of its partner on about 400 cm 1 . All this can be explained assuming that the 141 state is mixed with another state of higher vibrational quantum number and lower K τ n u m b e r . T h i s m i x i n g results from the RV interaction.
Using the Hamiltonian (10), we can find the state which mixes with the state 141 . The results of such calculations for J = 40 are presented in Fig. 2 . For the sake of graphic presentation the evolution of only two states (|2 3 1 ) and |0 141 )) is shown in this figure. One can see that as the correlation parameter C grows, both states come close to each other (the part of the correlation diagram for lower C is omitted in Fig. 2 as not interesting) . A closer examination of population matrices and other characteristics of both states tells us that as C grows over 0.996, both states start to mix. Furthermore, for C = 1 the wavefunction of the upper state is a mixture of the |2 31) and |0 14 1 ) with the last prevailing. The lower state is also a mixture of both original states and |2 31) is predominant in this linear combination. Taking all this into account, we can approximately assign to the upper state the quantum numbers v = 0 and Κ, = 141 . However, we have to remember that the wavefunction of this state contains a contribution of ; the original |2 31) state. This is the reason why the expectation values of angular momentum operators, rotational constants and -rotational energy calculated with this wavefunction are typical for the states with K lower than 141 (Table III) . Also, the RV energy of this state is higher than for the state |0 14o) because it rises due to the contribution from |2 3 ι ) state. As a result a reversed doublet |0 141 ) and |0 140 ) emerges.
The interactions between components of rotational multiplets belonging to different vibrational states appear often when HDO molecule is excited to a very high J number. That is why in order to assign the approximate quantum numbers to most of the RV states, the correlation diagrams have to be constucted.
Dynamics of the interacting rotational and bending motions
The reduced vibrational density matrix Dv (ϑ) and the reduced local angular momentum operation introduced in [15] were already applied with success to the study of the RV dynamics of the H2O [16] and H2 S [17] molecules. Now, for the same purposes, they will be used in the investigation of the HDO molecule described by υ = 0 and J = 40.
.
Plots of the Dv(ϑ)
, which is the probability density function calculated with t he wavef unct i on Ψr vCI [ 15] , t oget her wi t h t he cent r i f ugal pot ent i al V c ( ϑ ) ( d e f i n e d and discussed also in [15] ) are presented in Fig. 3 . Tle states for which these plots are made were chosen as the most characteristic of a given dynamical region. In order to make the discussion more clear, plots of the effective potential Veff( ϑ), which is the sum of the bending potential (6) and the centrifugal potential, are included.
The general examination of Figs. 3 leads to the conclusion that Dv (ϑ) packet changes its position and shape. The global shift of this function, without changing of its shape is an effect of a strong RV coupling. In that sense the coupling refers to "global" features of the molecular motion [15] . On the other hand, changes in Dv (ϑ) shape are the manifestation RV correlation. This correlation can be understood as a kind of RV interaction leading to "local" changes of rotational and vibrational motions [15] .
Plots of the reduced local angular-momentum operators [15] given in Fig. 3 are very helpful in studying that RV correlation in various rotational states. In the classical limit the reduced local angular operators J (α = x, y, z) correspond to the instantaneous values (as the angle υ varies) of squares of the components of the angular momentum vector. It is necessary to emphasize that functions presented in Fig. 3 depend on the angle between Jacobi vection (Fig. 1) . The interbond angle is smaller than the 9 angle of about 6°. This difference is not important when general features of these functions are discussed. However, when a more detailed investigation is performed, this fact can not be neglected. Figure 3 (a) shows a situation typical of the states of y-group. The density function Dv is localized around the angle 9 = 110.63°, which corresponds to the interbond equilibrium angle 104.62° (see Table I in [18] ). The centrifugal potential Κc(ϑ ) i s a p p r o x i m a t e l y c o n s t a n t i n t h e w i d e r a n g e o f u 9, s o t h e e f f e c t i v e p o t e n t i a l Veff(u9) is in fact the bending potential with a constant added. At the same time, the curves J hardly change as the ϑ varies (J2zi s n e g l i g i b l y s m a l l ) s o t h e R V correlation is small. This corresponds to the classical picture of a molecule rotating around the axis, which is almost perpendicular to the molecular plane. Moreover, the value of the ϑ angle does not have any influence on this motion.
As the Κ number grows the situation changes. The Dv (ϑ) packet shifts in the direction of higher values of the angle . For the separatrix state K T = 91 -(see Fig. 3(b) ) the maximum of this function reaches 120° (interbond angle is then about 114°). The shape of the centrifugal potential, which has two minima separated by a quite high potential barrier, now modifles the effective potential. As a result, it has also double minimum, even if these minima are placed at different angles than in centrifugal potential. This helps to explain the shift of the Dv (ϑ) packet. A detailed investigation of the effective potential for K T = 91 yields the following result: the left minimum played at 100° is 161 cm -1 deep, whereas the right minimum at 120° is about 400 cm -1 deep. The density function is simply "pulled" inside the deeper well of the effective potential. In other words, the centrifugal forces make the molecule straighten (see discussion of Table III ). The double minimum in Vc(ϑ ) i s t h e r e s u l t o f s t r o n g c o r r e l a t i o n b e t w e e n t h e vibrational and rotational motions (see Fig. 3(b) ). First,' when the molecule is strongly bent, the angular momentum vector J is oriented almost along the MF y axis. As the molecule straightens a dramatic change in the rotational motion occurs. In the range of 9 angle changing from about 100° to 115° J2z(ϑ) and J 2 x ( ϑ)
interchange. This corresponds to the classical picture when vector J "jumps" from the MF y axis to MF axis. The middle point where plots of both local operators intersect is about 108°. For this angle the barrier in the Vc(ϑ) occurs. This testifies to the direct relation between the RV correlation and the shape of the centrifugal potential. .
The plots presented in Fig. 3(b-d) are characteristic of the wide range of states spread between K τ = 91 and Kτ = 320. Due to the complicated character of the RV correlation, the shape of the effective potential is modified in such a way, that the left minimum becomes deeper than the right one. As .a result, the density function shifts to the left (the bent configuration of the molecule is more probable). However, even if the left minimum is generally deeper than the right one, the difference between them is not big. For example, when KT = 22 0 the left minimum is 319 cm -1 deep, whereas the right one is about 283 cm -1 deep. In consequence, the Dv (ϑ) packet is localized mostly in the left well, but there is also some part of it which is localized in the right one. This brings about considerable change in the shape of this function. Besides the predominant left maximum, a small one on the right side of the potential barrier starts to rise. As a result, the Dv(ϑ) is spread over the wide range or the values ϑ, changing from 70° to 140°.
The case of the maximum bent molecule is shown in Fig. 3(d) . However, the right maximum of the density function is now quite distinct, even if much lower than the right one. The Dv(ϑ) function shape is, in fact, typical of a molecule tunneling between two geometric configurations, through a low potential barrier (it is about 300 cm -1 for the state KT = 320).
Thus for the states between Kτ = 91 and Kτ = 32 0 we can observe a growing destabilization of the HDO molecule geometry. It is caused by a complicated character of the rotational motion, which is strongly correlated with the vibration motion. This tendency reaches its culmination point for K,. = 32 0 .
As the KT grows over 320, the left minimum in the effective potential quickly diminishes, while the right shifts in the direction of smaller angles, eventually becoming the single minimum. As a result, all signs of the geometry destabilization vanish and the maximum of density function shifts to the right, to the vicinity of 90°. Figure 3 (e) shows this function for K,. = 400. We can see that it is spread now over the range of about 30° only. Its maximum ϑ angle is about 94.5°, which corresponds to the interbond angle 88.1°. At the same time plots of J2α ( ϑ ) t e s t i f y to the fact that the angular momentum vector precesses around a stable axis, which lies in the molecular plane and is almost parallel to the O-D bond. This conclusion is perhaps not obvious at the first sight, so a more detailed discussion will follow.
Factor Il /Ie, which defines 02 (see Eqs. (4) and Fig. 1 ) equals 0.3632. When ϑ is small, Q92 is small too (although opposite directed). If there is the axis we are talking about, the J2z(ϑ ) s h o u l d b e m u c h b i g g e r t h a n t h e4 0 9 ) a n d i n d e e d i t i s .
As the ϑ angle grows, ϑ2 also grows. This means, that x, z axes of the internal axis system turn clockwise in order to remove Coriolis term (see Fig 1) . If the J vector precesses around the axis, which is close to the O-D bond, J2z (ϑ) should decrease while J^(υ) should increase. This is exactly what one can observe in Fig. 3(e). When the angle 19 comes close to 126° both plots intersect. For this value of ϑ , ϑ is about 45° and the equality of both local operators confirm the existence of a stable rotation axis, which is almost parallel to the O-D bond. This finding has its consequences because rotation around such an axis stabilizes the bent configuration of the HDO molecule (see Fig. 4 ).
The values of angles for which the vibrational reduced density function Dv (ϑ) reaches its maximum in states with K = J, are plotted in Fig. 4 . The, angles are already transformed from the Jacobi-type vection to the valence system. In that way, their values are equal to the values of the interbond angle. One can see that as the quantum number J grows from 20 to 60 , the equilibrium angle tends to stabilize in the vicinity of 86°. Thus, for K J in highly excited HDO molecule centrifugal forces stabilize the bent molecular configuration. The similar geometry stabilization was found in H2O and H2S molecules [16, 17] .
It should be added that, although the method of calculations presented in this paper enables one obtaining reasonable results for very high J (up to J = 40), solution of the RV problem for J ≥ 40 becomes very difficult. There are two reasons for this. The first is a high density of the RV states, which complicates identification. The second, strictly numerical, is connected with the growing size of the matrices which need to be diagonalized. Only the states with either low K, or K N J can be calculated with required accuracy for rotational quantum number J higher than 40. In that way, the results for J = 50 and J = 60 which are presented in Fig. 4 , could be obtained.
At last one thing needs to be cleared out. During the discussion of the results given in Table III , the changes in values of the rotation constants were interpreted as consequence of the changes in the molecular geometry (when the molecule bends Βz constant decreases while Βx constant increases and vice versa). This interpretation is simple and straightforward, however it fails when states higher than Kr = 321 are taken into consideration. Up to this state Βx slowly grows while Βz gets small, so the HDO molecule is becoming more bent. Above this state both ]x and B rotational constants decrease. Does it mean that the molecule at the same time becomes less and more bent?. It does not make sense. However, everything clears out when we take a closer look at the definition of the rotational constants. It is now evident that the shape of the Dv function determines the value of Βα . Its shape for Kτ = 32 1 is almost exactly the same as for Kτ 32 0 (see Fig.  3(d) ). The maximum of this function lies on the left side (equilibrium angle is minimal) but the whole function is widely spread and there is a considerably high probability that the molecule is more straightened (destabilization of the molecular geometry).
As the K number grows over 32 two processes start to take place. The first, which was discussed before, is connected with the shift of the maximum of Dv to the right (eventually to the vicinity of 86°). The second is connected with the fact that at the same time the Dv function is becoming less widely spread (for Kτ = 400 its width is only about 30°). Those two effects cause that B and Βz constants calculated from Eq.(11) decrease as the K gfows. Thus, even if the molecule straightens out as a whole, there can be the situation that the changes in rotational constants values do not reflect it directly.
Summary
In this paper the RV dynamics of the highly excited HDO molecule has been studied. Calculations, based on the RV-SC theory, have been performed up to J = 40. Strong interactions between rotational multiplets belonging to different vibration states were found to be the reason for the appearance of reversed doublets of rotational states. A detailed investigation of the vibrational density matrix and reduced local angular momentum operation plots has led to the conclusion that the RV coupling and RV correlation are the cause for the molecular geometry stabilization and destabilization.
